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PREFACE

Various attempts have beenmadeto determine the total area covered by '"permanent snow and ice' in
Norway. Most of this work was based upon old maps at a scale of 1:200 000 or smaller, which in

connection with the bad cartographic representation of high-mountains areas, gave results of doubtful

value for scientific purposes.

The best inventory to date was made by O. Liestgl about 1960; the result is published as a '""List of the
areas and number of glaciers' in Hoel and Werenskiold (1962, p. 35-54).

For engineering purposes, particularly for the modern planning of hydro-electric power stations in

mountain areas it is necessary to take into account the existence of glaciers when calculations are made

of expected water discharge. During the last years more and more high-mountain drainage basins in Norway
are being utilized for power production, and, as melt water from glaciers contribute significantly to the

river discharge, it is obviously of great importance to have adequate knowledge about the glacier areas

and the glacier mass balance.

For this reason detailed glacio-hydrological investigations were started in Norway in 1962 (@strem 1954).
They generally comprise mass-balance measurements, meteorological observations, ice movement studies,
river discharge and sediment transport measurements. The work is carried out at a limited number of
selected glaciers that are considered representative for certain mountain basins. To extend the
hydrological results from these investigations to other glacierized areas, it is necessary to know the

exact location and size of all glaciers in the area.

Therefore, a detailed glacier inventory was started in January 1969. The present publication was prepared

to demonstrate the methods and to give some preliminary results for further discussion

Oslo, 29 August 1969

Gunnar @strem
Glaciology Section
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INTRODUCTION TO INVENTORY OF SURFACE SNOW AND ICE IN SOUTH NORWAY

Present stage of inventory

Work is presently nearing its completion on a detailecd inventory of surface snow and ice in South Norway.
The following presentation of maps and tables constitute the first part of the inventory and give details
on glaciers and glacierettes that contribute to the river systems draining eastwards in South Norway.

In addition a map and some tables with particulars of Jostedalsbreen are presented.

Source material for the inventory

Earlier suggestions for guides to similar types of inventories that have come forward under The
International Hydrological Decade have provided valuable guidelines for the work at hand. (Muller 1969,

Ommanney et, al, 1969).

The source material for the inventory has been existing topographical map series in scales 1:50 000

and 1:100 000 together with aerial photographs.

The AMS M717 map series, scale 1:50 000, have mainly been used in the registration and for the
associated measurements, In certain cases, special glacier maps and local maps existed and they have
then been used. It should be pointed out that the 1:50 000 series differ in quality between individual map
sheets because some of these maps are based on enlargements of maps from old plane-tabie surveys at a
scale of 1:100 000, while others are a result of modern high-accuracy photogrammetric construction.

In the North-Western part of South Norway there are glacierized areas where no reliable maps are available.

In order to make the basic source material more homogeneous and reliable, the information about snow
and ice shown on the maps was revised by simple construction methods from available aerial photographs
taken in the period 1958 - 68. In a few cases where this coverage was insufficient, copies from the 1955

AMS South Norway photography were used. This revision of snow and ice information was carried out



by means of a pentaprism, The Zeiss LUZ Aero-Sketchmaster.

Although the basic map material thus has been improved, differences of quality in the source material
still exist and this is reflected in the accuracy ratings of individual measurements as shown in the tables.
The recognition of what is, and what is not, glacier or perennial snow-field, is generally a matter of
subjective judgement. To some extent it also depends on the quality of the photography. Index maps

giving detailed information about source material will accompany the final presentation of the inventory.

Storing of the obtained data

The measured data has been stored on punch cards to facilitate further processing of the obtained
measurements. Each individual glacier, glacierette or subdivision of a larger glacier has its related
information on one punch card. Hence, one card represents one identified unit in the inventory. Ice-caps

and glaciers with common accumulation areas are represented by more than one card.

Organization and presentation of data.

The accompanying tables are direct outprints of the punch cards. Each table is accompanied by a
1:250 000 glacier map for reference. These maps can further be related to the 1:250 000 AMS 515 series

which cover all of Norway, for reference to other detail than glaciers.

Drainage basins as reference areas for the inventory.

The individual glaciers. glacierettes and subdivisions of larger glaciers are in the inventory organized
nummerically in relation to the natural drainage basin to which they contribute with their meltwater.
Drainage divertions due to hydro-electric power development etc. are thus not considered in the inventory,
but only referred to by subnotes in the tables, and by symbols on the maps. Each unit is allotted a
number between 0 and 99. The numbering begins with the unit nearest to the outlet of the basin on the

right hand side of the direction of flow. Rising numbers then follow clockwise for each identified unit



along the drainage system. If a drainage system contains more than 99 units it is subdivided into smaller

basins of favourable size, and numbers are alotted similarly.

Special presentation of large composite glaciers.

In special cases larger glaciers were subdivided and presented only partially because they drain through
several separate individual basins. It is the intention, however, to repeat details of the composite glaciers
(and ice-caps) in the form of a summary table where all the components of the larger unit will appear

together. The Jostedalsbreen table is shown as a sample in the present volume.

Explanation to the tables and brief remarks about measurements.

Column heading Comments

BASIN IDENT This is a first and so far undeveloped attempt of a numerical drainage basin
identification system. In the '""Vassdragsregister' of the Norwegian Water Resources
and Electricity board, every major drainage basin with outlet to the sea has been
alotted a number. The numbering starts in the south at the Swedish border; rising
numbers follow clockwise along the coast. Streches of coastline with minor streams

have been alotted similar numbers.

The system can be developed further to identify sub-basins as suggested in earlier

mentioned guides to snow and ice inventories.

WATER GAUGE No. The glacier unit is here related to the identification number of the nearest water
gauge downstream from the glacier in the drainage system. These are also displayed

on the glacier index map.

GLAC. No. The numbers identify the glacier units in the drainage system and are of special value



GLAC. NAME

LONGIT AND
LATIT

UTM

ORIENTAT

ELEVATIONS
MAS L

HIGH
LOW

>

for cross reference between columns in the table and glaciers plotted on the glacier

index map.

The name of the glacier unit, or the name of the larger entity of which it may be a

part, is quoted if it is known. In many cases an abbreviated form has been used.

The longitude and latitude of a near central point of the glacier is quoted with an

average accuracy of 10",

The glacier unit is related to the one-km square of the Universal Transverse Mercator
reference system, in which it is situated (or, for larger glaciers, the square that

is located at its centre).

The orientation of the main area of exposure of the accumulation and ablation areas,

respectively, are quoted in one of the 8-point compass directions.

These columns refer to parameters defined by elevations in metres above sea level
for each measured unit.

The parameters are:

The highest and lowest altitude of the glacier unit as measured from the revised map.

An accuracy rating (AR) accompanies each set of measurements.

The AR (accuracy rating) is specified with a value, the significance of which is stated

below:
1. Exellent Error 0-25m
2. Good L 25-50 m

3. Fair e 50-100 m
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4. Acceptable Error 100-200 m

5. Unreliable L over 200 m

Where it has been possible to identify the transient snow line from the aerial

photographs, the measured elevation of this is quoted together with the day, month

and year of photography, given in a 6-place number group. An accuracy rating is

also given with the same error limits as above.

This parameter is quoted in kilometers and refers to the length of the glacier along

its line of flow. The listed length is often unreliable since the irregular shape of

many glaciers lead to ambiguouties. Furthermore, the measurements were generally

made on maps that, of cource, give only the horizontal projection of glacier length.

A special standardized remarks-code has been used, the key is presented below:

MU

PSF

SWS

Map unreliable in the area where the glacier is, or should be, displayed.

Possible Snow Field. It is often hard to decide whether a certain area is a

large snow field or a real glacier. Evidence of movement (crevasses, silty

melt water etc.) may be obscured, so PSF is then indicated.

The measured unit is the lower part of an interupted (regenerated) glacier

below the main glacier.

The glacier is situated on a Water Shed and drains in more than one direction.

(The quoted accumulation area orientation is a mean direction of exposure).

The measured unit is a Subdivision of a larger glacier unit.



SPEC INVESTIG

AREA

Summary Tables

JB The measured unit is a Subdivision of the Jostedalsbreen Ice Cap.

HIJ The measured unit is a Subdivision of the Hardangerjgkulen Ice Cap.

The measured unit is subject to special investigations (i. e. mass balance

measurements, etc.)

The areas of the glacier units have been measured with a ordinary planimeter and
are given in square kilometers. The quoted values for the areas refer, as far as
possible, to the area of active ice. A reservation must be made as an exact
identification of this active area was in many cases very difficult. It should also be
noted that the given area is the horizontal projection of an irregular surface. An
accuracy rating (AR) accompanies each measurement and is specified with a figure

that has the following meaning:

1. Exellent Error 0-5%
2. Good n 5-10%
3. Fair " 10-15%,
4. Acceptable " 15-25%
5.

Unreliable " over 259

Besides the outprints from the puch cards, two summary tables for two selected areas, Bgvra drainage

basin and Jostedalsbreen ice-cap, are shown in this publication.

In Table 1 it is listed all river discharge stations in the basin (first column) and their individual drainage

areas (second coumn). The glacierized areas have been added for each discharge station and the sum is



presented in the third column. Finally, the percentage of glacier coverage is computed for each discharge

station and given in the last column.

Because present information is incomplete for some water gauges the last column may be misleading.
It is, however, included here to show the intended use of the collected glacier data for this kind of
computation which is of direct practical importance for engineering purposes.

NOTE: In cases where the drainage area for a discharge station is not yet known, the figure '""100. 00"

(sq. km) is provisionally plotted in the table.

In Table 2 the number and total area of all glaciers with equal ablation area orientation are listed.

This makes 8 sums which then have been computed as precentages of the total glacierized area in the

basin under consideration (or for the ice cap).

Final remarks.

The present inventory is of a relatively simple nature. However, it provides a framework that can be
extended further. Summaries of data and some additional analyses will definitely be carried out before
the material is finally published, whereas morphological classification and description of glaciers as

suggested by Muller (1969) may be a future step.



GLACIERS IN THE GLOMMA DRAINAGE-BASIN

Basin number: 5



Brekart for nedborfelt:
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Brekart for nedborfelt:

Glacier map of drainage area:
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§ L1607 2 2423y 612350 32VPAasSpT i M 2000 1830 4 Y 00 5 40 4 WS
5 L1607 3 STEIANNAL balnn 612353 32VaPs3p7  1E HE 1930 1650 4 18r¢ 11065 3 2e2 136 &
S L1607 4 LEIrUrGS H383¢ 612350 32ViP3)p7 b NE 2050 1290 4 Y 0 0 23 189 4
S L1607 5 B37p0p 612350 32ViP7987 NW 2000 1590 4 1710 11065 4 1e2 103 &
S5 L1607 6 B3ngl 612500 3evaP7809  SE S 2100 1800 4 Y 00 8 +31 4
5 L1607 T SKARVJ,L 8374y 612526 32vMP3079 SE SE 2160 1710 4 Y 00 lel 1le74 4 MU
S L1667 8 S5.TJe0L 83349 612630 32VHPHp12 SE SE 2050 1850 4 19%0 11065 4 o «13 4
S L1647 9 STEIRFLY 84335 612659 32viPr2]12 SE St 2050 1900 4 Y 00 1«8 lel6 4
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S L1607 12 i TJdexnl’ B3830 612720 32vmMp3013 i N 2240 1531 4 17450 11005 4 2el 1473 4
S L1667 13 SKARVFLY 83630 612€62n  32vHPT7812 NE NE 1950 1670 4 1800 11065 4 9 1lell 4
5 L1607 16 KHNUTS:-OL 83500 612540 32VMPT71¢ N Iy 2100 1550 4 1890 11065 4 25 3440 &
5 L1687 15 83240 612610 32v4P7511 M N 21n0 1750 4 180 11065 4 9 «36 4
S (11687 16 83140 612430 32V4P7408 N NE 2150 1500 4 1600 11065 4 2e0 1427 4 B
S L1647 17 83166 612453 32VHPT7409 E 2 2030 1800 4 Y 00 ol e15 S5 -
S L1667 18 ] 8304¢ 612536 32VMP7310 N N 2050 1900 4 Y 00 2 405 5
S L1667 19 LAKNCGECAL 83120 612440 32VMPT73n8 E N 1800 1470 4 1650 11065 4 1.6 «96 4
& L1607 20 SLETTunk B2740 ~12420 32VuPT7108 N N 2050 1600 4 17«0 11065 & 2.0 130 4
S L1687 2 8223 612717 32viMPAS515 nE NE 1860 1590 4 1680 11065 4 8 «23 4
S L1607 22 81950 612713 32V4P6415 N HE 1860 1590 4 16%0 11065 4 .} «38 4
5 L1687 23 B1845 612737 32vMP63]5 M NE 1850 1500 4 1600 11065 4 6 235 &
S L1607 24 8195y 612935 32VMP6417 N NE 2000 1650 4. Y 00 8 027 &
§ L1687 25 S.HUGYGL - Ble3p 613024 32VMPK119 WHE NE 2050 1600 & Y 00 13 63 4

NOTE : This basin is affected by drainage divertion due to hydroelectric power development
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NOTE : This basin is affected by drainage divertion due to hydroelectric power development
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GLACIER IHVEWINRY = SOUIHEAN NURWAY

SUMMARIES

REFERENCE RIVER 6ASIN  BUVRA
DRAINAGE AREA 399400 N2
NUMBER UF GLACIERS -1

NUMBER UF WAITER vAGES ]

TOTAL GLACIEK AKREA 92.46 KMe

IN PER CEnT UF D AREA  1Ue33 u/V

WATER GAGESs THELR TGTAL URAINAGE=AREAS AND ULACIER-CUVERED AREAS

WATER  AKEA TOTAL LL AREA IN
GAGE= GLACIER ARtAa Ptr CENT OF
NO KM2 KM2 Wo AREA
1608 100,00 2484 CeB4
1662  100.0v 36491 36491
1364 752,00 lo44 «19
992  100.00 28,81 28:81
1660 100,00 10.-}3 lue33
1603 100,00 S.58 5.58
1604 100400 4445 C 4s4d
1661 100,00 o710 <70
1659  100.00 le4o 1440
TABLE 2
z=33S=3===

GLACIERS wITn EWUAL ABLATION=AREA ORIENTATION

ORIEN=- SuMm OF SUM OF SUM In FER CeEwl
TATION GLACIERS AREAS UF Tul GL AREA
N 10 2l.28 23402
NE . ld 1"-22 19438
E 8 13047 14557
SE 9 16590 18228
S 2 *46 *50
Sw
w 4 1.70 Le84

W 13 24443 cosb2
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GLACIERS IN THE HALLINGDAL DRAINAGE-BASIN

Basin number: 43

GLACIERS IN THE SKIENSELV DRAINAGE-BASIN

Basin number: 78
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SUMMARIES

JOSTEDALSRREEN

NUMBER OF SUsDIVISIOnS e
NUMBER OF QUOT:D +<TEK GALES 12

TOTAL GLAGCIER sRts 47%e 1 KM2

TABLE 1

WATER GAGFSy THEL;¢ TOT L UD<AINAGE=AGEAS AND GLACIER=-CUVERED AREAS

WATER AKEA TJOTAL 6L AREa It
GAGE=- GLACIER zREa  PER CEnT OF
NO Km» wM2 WO AREA
1071 100,00 106010 1.0
1405 100,00 48,00 45400
1408 100,00 47,403 47.03
1121 100.00 T7.t TTe62

613 366,00 66 e35 168613
1532 100,00 1243~ 12.3n
1556 100,00 Hel De20

617 367.00 12.6° 343 -
932 569,00 23,7s 4417

621 215,00 57A,39 27e80

622 260,0¢C 47669 16e4?
1678 100.00 23,85 23.45

SUM OF SURDIVISIOWNS WITHQUT waATER GAGES 2

TABLE 2

=E=:s====
GLACIERS WITH rQual AQLATIONH=AREA OKIENTATI N

ORIEN= SUM OF SUM OF  SUM In PER CExT

TATION GLACIERS ARTAS UF TOT GL AREA

N R 58464 12+35
NE 1 Got «97

E € 9€er 5 2.el4
SE g 151173 31494

S s 3G e He?7

Sk 7 B8e 8 1e7

w i» 7814 16¢49
NW 7 38ec7 dels
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